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Тһе considerations in deterrinivz; the trajectories of a water 


droplet in the alrflow about a Бобу are discussed. The problem is 
divided into two parts, one dealing with a methed of producinz a 
stream of water droplets of uniform size іл а τῇ ᾱ tunnel, anda 
second vart dealing with the developmont of a device for detrmsining 
the location of tho sir am of iroplets. Both parts of the problem 
are discussed in detuil. Tretcres of equipment, circult sehcastioz, 
end chotofrradis of egui^rent ave included. ` 

It is concluded that the hot wire anenonot r and the water drop- 
let generator developed in this investigation provide a suitable mans 


for experimentally determining the tr ject ry of a stream cf water 


droplets in the flow about se body, at the rir velocities used in the 
study. Air velocities up to 100 fpo were used, end no difficulty was 


anticipated at Ніспет velocitics. 





ToSoible alter;ato wethnde for determining the droplet trajoetori-s. 
are discussed, and their obvious disedvanta,;es pointed out. 

The experimentel results obtained in checkinzs an lytically determine 
trajectories of droplets in the flow about a ri ‘ht circular cylinder cre 


given end the sienificsnce of the results discussed. 








LN ICV Όττη. ΤΙ Ἢ CF 3» ЕХРЯВІМООТМА, ТРОНОІЇ Ше уст 


DETER IC ТЫР TMIECTRY UF A WATER DRISIET 11 АЛ AIRSTREAN 


Пе. LON 
— —— — m - 


In designing an anti-icing or de-icing system for an .ircraft, tne 


бебіспаг masu provide sufficient capacity in the system to give the nec- 
essary protection to ‘he &.iror»ft. one v.rauetor of import. ce In the 
desión ia, quite raturally, tre size of the are to be protected, and a 
secold paraxcter із, the ‘mcunt of protectiorf to be Jivan to those рго- 
toet d Preas. 

The early types of wing de-icers were the müber "inflatable-shoe" 
type, wiieh is alternately infl ted and deflated to crack eo во that 
the Евн. could blow it off the wing. ‘This tyre of icins NES 


system is practically obsolete end will not be considered in this report. 


The later types of ice urovection systems are the тв] _rctection 





5узбе с, in which „eat is syplied to vil areas to be protected by one of 
several methods. In this type of icins protection system, the caracity 


of tue syetan ia логе intin v ly associated with the size cf the vsrotectec 


. ' 
` 


aroa ud tne anount of .rotecetion to be provided than in tre iiflatsble- 
shoe type. In tune, tier. 1 gysten, che aiount cf heat reyuircd for | rotoc- 
tion cf a Бои urea is uirectle rel tel to toc amount of ice bei g &ccunu- 
lated on the air^lase. 

{Ὁ is tie determination of the amount of ice to be »ecumuloted, ог the 
icing rate, that leads us to the problem of determinitz tho trajectcry of 
a water dreplot in the airflow about a body. 

Let us first consider a rivht circular cylinder places transv rse.to 
an airstream containing: water drorlets. The water droplets have "~ much 


himer mese than the surromdins sir, :nd therefore, will not follow the 








REPRESENTATIVE 1RAJECTORIES 
ABOUT A CYLINDER 


ger 











I 
the strestiliies ar.und the “од”, but will follow a owuhıt lesa curve! 





path. This is shown in Fizure l. It is seen that for some initi 1 dis- 
placanont, Yi: from the x exis, the dro let traj:ctery will be -— N 

to the cylinder. Those droslets havino initial disnlecenonts less th 1 
Y1 will irpinze on the cylinder and those havinr initisl dis l¥cem “ts 
greater then Yi will mics the cylinder comletely. vlearly thes, all of 
the drovicts included in the “rojected frontal arca of the cylinder do 

not i.pinge on the cylinder, and only those within the limiting trajoctor- 
ies contribute to the icine rate. 

The problem then is to deteruine these limiting trajectories fron which 
the icing rate may be predicted. For simvle зіпрөз where the equations of ' 
the streamlines ere well known, the tr jeetori: s may be co. puted by ateo- 
wise іпбостабіол, graphicully, or by a differential analyzer. The trajector- 
les about a cylinder were first celculated by Albrecht, for tho esse of 
Stokes’ Law recite (0,R,/24 = 1). Later Lang mir ınd 510d-ett? ealculoted 
trajectories'about a cylinder for tho c se where c, varios with Bos a differ- 
entiel analyzer beinz used to gener«-te the solutions, 

vo La mmir-Blod ett trajeotories were cornuteád as follows:® 

Let Uy Уа = сошропепёз of «ir velocity in the x und y directions 
respectively. 
Ча Va РИН 2Ё droplet velocities in the x amd y directione 


respectively. 


Then (Ua- US) (Ma= Ary) = components of the relative droplet 
б 2 


velocity, 1. 











Tho relative velocity of the droplet with respect to the eirstrean ‘ives 


rise to +» drag foress 


= = a ЕО er Гг (ua - чу) 
E = р Sa Coz C. P (ara. > лға) 


where а = droplet radius 
Cp = 4гз2 cosffici-cnt 
$: = air density 


These drag forces five rise to accelerations according to iewtons' second 


law 


= η 4% 


where S = droplet density, 


Equating these forces gives 


cu 92 τος 





e C 
44 ° Fa а. А 
d ma, = Sa p (Aa. - жа) e 
at 8 Ἐν a. 


The droplet trajectory is obtained by intesratins the followinsz equatic 


simultareously: 


3 Sa (Ua-Us) — Ne 
ο 529 -{{ {3 ας = ὁ E 


саа [ES a (ra = ~a) е" 





The first integration 7zives the droplet velocity and the second 
interration gives the droplet displacement. To simplify te computaticns, 


the above equations are made dim nsionless 1s follows: 


zs ea EEE (к 
ENE (29 
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E 





Now define Da Sants 
۹ Sa Ro? —— 2 a 
| Saa | y 
where a = air viscosity 


C - char::eteristic length in flow field (ovlinder 
radius) 


U = free stream velocity 


Spear Ye 


ο ο a) 


с. 


As stated vreviously, these intesretions must be accoriplished by 


steprvise mthods, graphicelly, or by a differential in lvzr. “his ie 


9 


ratier oonnlieat=zd functions of “ositien in the flow fi.ld. 


necessary since C is a function of R, and usually Ua/J and va/U are 


From "пе above discussion it is ar’ arent that determiniur the tra- 
jeetories for even the simplest of ah pes із jujte involved nd tedious 
if approached from the unvlytical standjoint. Lengmir and »lod ett 5160 


computed the trajectories about a sphere and a ribbon placed normal to the 





κ. — 6 UE. " oos 
n by much the seme methods used for the cylinder. 


The trajeotorios for alrfoils have been investigated by a numbor of 


4,5,6 


workers j: the field , most of whom use numerical «end graphical 


methods that are long and tedious. Since the streamline vattern for most 
, о 


eomionly used aiíirfoils is well k:own, the problen can be approached anslr^i- 


cally, as the velocities at each point in the flow cin be determined. 





In the ease of an arbitrary shtpe for which the streanline pattern is 
not known or — be computed, the icing rete cannot be predicted frau 
an snelytieal treotmont. This is, in general, true for three dimensional 
flows not possessing axial symmetry. ne misht also want to ‘now, fcr 
ехссчіс, the icing rete on a radar deme or droppable fuel tank which is to 
be fitted to эп "irpl?ne. In these cases one must resort to extrapolating dats 
from other similar shapes, or 50 to same experimental method of detersiniag 
the limiting trajectori.s from which an icing rate mi ht bo гтодіс) d. 

It 1s the purvose of this investiczation tc evaluate. п ехротіаспбаї 


technique for determining the tr. jectorice. 














SECTION I 
GENERAL COUGIDFRATIONS I} SELECTING THE EXPERIMENTAL TECHN IUE 


rrelininary discussions of various experimental techniques for deter- 

















mining water droplet trajectories in the flow about a body led to the 





selection of a technique involvin: the use of actual wat r droplets, ond 
the development of u ууда for deteetins their location In a sinnle two 
dimensional flow in a wi-d tunnel. Other techiijues considered will be 
nenticnel at the end of this report. 

Ihe trajectory proolem, as aoproachod hercin, divides itself gite 
nicely into two parts. the first part involves finding в method of огодис- 
ing the droplots, and the гесу. 272 ілусіуез sundiug a neLhod of detecetin 2 
their location in iho “low. Mags net of the robs. 7111 Wi concíásred by 
itself in 2 5opornte sections 

Та а wihd tunnel stay of ¿Lis sort, it ie desis-Ule to lvo a stredh < 
free of turbulence fs Sos!ihle,'zso that a stable flow may be used. Ме tun»ol 
used in this study was acquired from a previous .roject" aud was — to 
have a turbuleice level of the order of 1/2 %. his ws considered satisfach- 
ory for the work to be undertaken and uo speci: 1 attcupts w ro unde to improve. 
the stability of the rlow. 7e &vailsbility of this ejuipmont also influtacol 


the as lection of tre technisue to bo used. | 











SECTIO ІІ 








CONSTRUCTION ΟΕ .. DROPLET GENERATOR =. 


P is a considerable amount of information available on methods 







for vroducing droplets of small älamster. However, most of these methods 


are used for the production of very large numbers of droplets, such 58 

















the saturation of a larze volume of air, fos coneretors, etc. is far аз 
can be determined fra: the literature, Dirmock® has done the only wort 
with the production of а single stream of droolets which might be applic- 
able to the present problem, 

Ideally, what was desired in this study was a stream of droplets of 
uniforı size, vroceedir® sinrle file dam the wind tunnel, and it was felt 
that the method of producing such a droplet stream that held the most 
ргозіве was that of a vibrating capillary. 

In this system a class tube is heated until plastic and then pulled 
apart to form a fine capillary tube. The capillary cen be made as small 
as desired and usuclly the tube is mulled enart until the filament breaks. 
The capillary can then be broken off st the desired size, or broken off 
bit by bit until the desired drovlet sive is obtained. Generally, the hole 
in the tubin- will carry on down to the srallest canillary that can be 


nıılled, without sealine itself off. 


D 
Tt was found in the study that pyrex class tubing wit" l xi wall ihic-- 
nerg teided to feticue quite rapidly with the vibratin: svsten used, and 
braskare was cuite hich. ‘uch nore setiofeetory recult® were obtained with 
Міс walled “lass tubing, dut considerably Fiore ore wes required in the 
rawing process to avoid overheatin: and the resultant seulinz off of tre 
4 hole. Tubim- of aaproxinetely 2 inch C.D. and 1/10 inch wall thickness 


was used, E 























The ectwel production of the drovlets is acemmlished by swyplying 









fluid to the tube and vibrating the capillary tip. This metod of maxing 
droplets is quite well known and the various reports of its use seem to 
differ only in the method of vibrating the capillary tip. 
pirmocr" produced vibrations by waxing » piece o? steel hypodermic 
needle on the capillary anal placin: the tin in ar. alternatin: electrical 
field. This was considered irmpracticel far wind tunnel use, where the 
vibretions were desired in tha plane of the flow. Vonnezut and Neubauer? 
produced oscillations by applying an air jet to the capillary tip. In this 
case the tip describes an involved path, civine off a strean of droplets 
at each noint in the path where the acceleration reaches sufficient mar- 
hitude. the droplets within each stream are quite uniform in size, but the 
Size vevies fran stream to strean. .is method was also considered imprac- 
tical for wind tunnel use. 

The methoc finally selected involv:d the application of en oscillatory 
force to the sluss tube at a frequency wich would induce a vibration in the 
tip. his was done by means of a modified, heavy duty, radio speaker. The 
speaker was the perianent magnet type, and the sneaker cone was romoved. 


an alwilinuy fixture was attached to the cleeve which ordinarily supports 


the cone, and this fixture extended approximately six incres fro: the 


oricvindl Soeaer cone base. The outer end of the fixture is vus во that 
“ 
it could be securely clamped to a lass tube. To provide additionel supvort 
for the fixture, a three wire suspension system attached to the speaker 
frime sunports the fixture at its midpoint. “he zeneral construction of 
“nis uoparatus is snown in .i ure 2, 
^o produce the oscillatory force, a simal of the desired frequency 


' is tixen froa an audio oscillator, auplified by & 25 watt audio amplifier, 


end fed to the speaker. 
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Wo clues tube is ricidly pupforte? hy » sodified lsborstory tost i 







clump 2% n point above ihe spearer 4%%ссейпот5. Ізіс агуатзселеп%, ahom in 


Fizure 3, сітөв the class tube һе охетасбетіссісе о? < cantilever bemm 






an oscill.tory; force nprlied close to t^e built in end. 







0 for tre vibrational charscteristics of the tube, it was found that 





with 2 tubo a»^proximately 12 inches lonz the furdenentel 






frequency was abo 





00 eps and the ertire tube vibrated in the first mode. amplitudes of vibratior 







of the tip of gs much аз 1 inch were observed. The higher harmonics “uve 
) 


proportionately lower amplitudes at the tir, until at about 7000 eps the 









vibrations were not visually discernable. "itll quite lony capillary tins, 
the tio itself acts as a beam with an end fixity less thin unity, sl as 

miny ne four nodes were observed in the tip. This situation wes “enerally 
underirahle is it led very nicuily to the breakin: off of about 3 inch “cn 


the tis. 
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CONTI € s EVIR FOR TOWER 2A2 рту STRIS 


І. Сізезвзіср the possible Methols for. d^t»ctic- t:e locatio of t*o 
Aroplet atre, it was felt that visual mans were 1 practico 1, miotoye 
means held some promise, and that a τοῦ wire anerionet 'r war the sort prow 
ως 

Tre desi аа 4 use of the ot wire gr із ite well Gown ine t 


lip mie 


field of velocity und turoulenco easımernients, and the Sane jeg 


" al ideas apply to the -roblen of detecting the location of а dronlet str”. 
у 
| “he operation of a not wire anewoneter is hased спо бо сб ло in electric 1 
ч 
| resistunce with chirie із tompurdture of u thin vire. The weasurs of this 
€ 
| Й Е š А ( А n ; 
cimilfe іп resistence with triperstur is called the thevncl coefficient of 
h 
[ resistivity and is (хттеввед іл ойыс оғ сш зег десчаз С. OF the tevis 
| suited for ure in a Hot Fir device, &üncetelt was д\їссеп Га» «Піза іїтег із 
ала as a telmerstäre coefficirink -T resistivisr of „Обо oht/oru/de-ree BY 
| 
| Zlmetrolytie iron hns a digher tkormél coefficiert tien tanait, but wold 
| 
| res'"t согговіол ргсОДотв when used with о пізботе үгесег% алй 1%5 оуа11аһ111%у 
| as a Wall diameter wira is цп'сегфаї. 
+ 2 
| Ip fain study it was arose Το mace illo hot wire 4$ the vitd tumel 


test section in such a wmner tiat it cmıld эл cred obest. Then, when the 
Rot “rire wes bein strook by the wetlr dro ats, tte wire чопій зе сщоїаб 
eee its res sta.ce lowerec. The lowa-ec resilsa er of the ict rire vould 
canse a ch μες la Mie сост ix Uo circuie, Ema iis сйая”а ТІ «лггелі 
would be an indication that tie tire ons in he droplet strew. 

The success of thie sctiod ortlin d anove deprids to ат "y στ ες extant 
or the rela ive Zamitvdes of the eff ct of the tunnel tur>wlence and tie 
eff uct of the water droplets on the wire. It met be borne in mind that 
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ӛле velocity shifts due to turbulence το u relatively mall 






percent ге of the total velocity, they affect 7 subl Lirse portion of 






the wire thun 2 SOMwoter droplet would. This resulta, it wes found, in 






the effect of the turbulence beinz considorebly rester than tne effect 


of the droplet strean. This fact wos not appreciated in the erly states 






of the investin.tion and resulted in sone faulty assumtions concerning 






the Lot wire -nemoneter. For examle, it was ussimed that since the wate: 







droplet would be лас” colder thar the hot wire, if would have a sizeable 


effect om the wire in changing its resistance, Mis assimtian neslected 


у 
| | tre fret thet, for oxamle, with a hot wire Û inch lon” , 8 üro»Iet of 50/4 
; dic:cter is only 0.395 of the lengt? of the wire, 
Baced on tlLis assuiption , it wos felt thut the hot wire anenoneter 
| would not need to be as sensitive or elaborate as those used in turbulence 
| могу, ınl = rel:tivelr simle circuit “.5 devised. I^ tiis circuit, the 
| 
| Glaze ia current due to the clare 11 ot wire resiktünce wis disolayed 
| Oy c tiode-22y occilloscone,. Сці5 сә5оо2 wormed well in still fir, риб 
l 
n whe: :liced in the wind tunnel the turbulence effecte conpletely asad 


t^e effect of the drevlets. 
Surther concider tion of the sroblem 1? ta the conclusion tit it 
Might be rossible ta inte rste out the nf2ect of tre turbuletice, since 


| over . period of tiñe tre turbulence would be as vuci. positive as it would 


y 
e 


чесабіус and tie tie intecrel would be zero. In contract vo tnis, the 
droplets produce 1 unidircstional effect which woul. be cumulative in the 
inte sratl. . rrocasaı 

no circuit selected we essentially ú heatitone Bridge circhit, 


where the hot wire i^ ore 15- o? i e hrif 28 and the el 32e i enrren* ia 


2 t^e hot wire unbail-nces the bridge. This unbalance is amlified and 
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displayed on 5 mieroanmeter. Firure 9 is e schematic of the Ъгїбтө сла 


т 


amplifier circuits, and Figure € is а photocreph of the bridge and arp- 
lifíer e uiment. The amplifier circuit, suscosted by Dr. R. BR. "orrison 
and r. Henry ‘licks of the Combustion Laboratory, Encineerin; Research 
Institute, uses a 65177 electron tube as an amplifier. "me 62.7 has a cain 
of 20, and anveared to «ive better results than eltrer the 6457 or 0317 | 
tubes, both of which were tried. The two VR150 tubes shown are used to 
stabilize the B voltage, and are connected in series to give a BY voltare 


of 300 volts. ..11 resistors shown have power ratings of 10 watts or more. 


Y 


The hot wire assembly is shown іп Tire 7. The assembly is mounted 
on a heavy iron base for stability, and a Micrometer is used to position 
the hot wire vertically. A travel of 5 em is aveilable with the ricrometer, 
and scale readings of 1055 cm are possible. Me horizontal positioning is 
accomplished manually by movine the entire hot wire assembly on its base 
to the desired position. 
The arms of the hot wire probe are made of 1/15 inch weldinc rod, and 
tre «001 inch tunzsten wire is fastened across the tins of the arms. The .001 
inch wire was chosen because it has sufficient strencth to withstand the 
irpact of the droplets, is mot too difficult to worl: with, and we availible. 
А smaller size tungsten wire (.0007 inch dismeter) was tried but proved to 
have little tensile strencth and was difficult to work wit!. Tungsten wire 
cannot be soft soldered directly and another Means iust be ussd to fraten 
it to the probs. Some workers’ have copper Listed the tins of the tungsten 
wire ond then soft soldered it in olace. . somewiat simmler method was used 
in this investigation, wherein a thin coating of silver solder ic tinned on 


the tins of the arms of the probe. Then, while the silver solder is still 
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HOT WIRE ANEMOMETER CIRCUIT 
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FIG.5 
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HOT WIRE ASSEMBLY 


2 4- 


ΕΠΙ 








a бій aed across the tins so that ii inbeda 155011 


Silver solder, 2rd is held securely in place when the silver colder 
yardens. 
It is not clear whether the silver solder ind tumesten actually form 
a bond or wiether the tungsten is only cast into tue silver solder. Ir aw 
event, the electrical band was, without exception, very good ang the siz 
ity of tie procedure mide it very attractive. пе use of induction hostis; | 


end the Drecirion equinment usudlly found in electron tube leborstories 


would nrovide a somewhat netter joint, but мос not readily avsil ble. 
у 
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me objective of the Lot wiro (Geuo"eter e^viunent if to accurstely 






estiblisn the position of & stream of dronlets relitive te sore fixed 
B 


datu. Ia this investizution а korizostrl 612% nlite мал Toritioled bondet 











the wind tunnel test section for use 149 4 roference dati, Ле Lot wire 






assembly, on its base, rests on this plate. The Plite mas ciec'ced Гог fA - 


nese nd foun! to be satisfactory, und was mounted in - level »ositior, 









For this tnvestication it мае decide to nount the sodel horizontally, 









and the measurement desired wis the vertic 1 dis l.cenent of the droylet 


stream from a horizontal, lonwitudinel axic throuch the center of the ρε]. 


E 
í 






By referring the model position to fte flat plate, .oneurenents could he 


made of ta heizt of the droplet stream chove the flit late with tha Not 





wire e uinnent, "Ріє neasurenent could then be translÄited into n verticzt 





displacenent from the reference axis. 
















She "se of the sheatstore Rridre Ind wnmlifier ciremito mes relrtivry 
| Simple, ouce the circvit wee understood. Tie First ste”, with the ster 
resistence in and the weter diceonnected roa the heidi-e cimeuit, win to 


A 


| aetivate the лтр11Г1ег оїгезїї b7 amvlvin: 6 volts (3 or DG) to the enter 
of the (957, gad then ayplrin- tre BY volt” of FOO volts to the plsteà 

| of the tube. itl two TRICO tubes in гегісс, 16 із Mecoesurv to ap lo oo rare 
inetely 320 volt? to t^e circuit to fire the VE tiber wit obtiic - "ecu dM 
300 volts on the slates o? the tube., “le ryulied roltura could tien bo 
reduced to about 210 volts, ot τῇ 10} ποῖξ ce the tube drer + current of 
about 30 “Villiermeres. Uarlil “he warts period of the wir constant attak- 
tion to the meter redding wû Teinired da order to “cer she meter venil 


з 


on scale, iit the meter disemmnecteä from tile bride circuit, tie meter 
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adjusted to the desired value bv “outs nf the voltaco divider ceva ere) 













Qi ge 18 7521 уаулагұ яшрмет. ria Ria 29 Walon with tae исі Mer in 








ποσα τοι ЧЕ Pr m үшіке!., (54 Ж “ийле! umida. Aug mom 


n 








πε dijo ‘ct “Seo dapedG> os the lum of Mia wir , Aud t'es гот 
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mire wWienever tiie hot wire wee reloved fram the t'vnel orp n puas] sunt 


down, 















ο τα λα lot wiro, ος 


B 
I 
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bn apstected to the bride cirewit «md the moter генді, rediceed te kero hi 






Sdjuntiins notestio wters BR and 332, Picture Е. Tere Potentiometers are 


collected in parallel to give bott conree aud fijo control., Iditic: ie ntie- 






essary when first connectiao- {το hridse ауд aw livier ciralits to-ether, 







heeause if the brid-e ta badly wbalinced, toe evrent throw the ‘ele 


тел” фе өхсесвіуе. 7с Mroid tis, it i® deBirable to cWAton io ihe beton 









tesistance herore sonsectia= the two circuit). is ar aidtiloral vreesutloy 






i; night be well to parellel the SPST 4wite’ conrectius the bride and 






fier circuits with a “ementar caltrct swite’ so tha brid e h Mines col 






эе сгөсүой without eidencerins tye meter uite го Mics. rie: the hridw 
, A 






been balanced to cive a zero meter resdina”, the “eter resistance "Ww ^e 









evt out and the bot wire suemoceto? emincent io re dy for Unc. 







In usin tie hot wire anemonmeter +9 determiios tie verticil 0316107 

















of “ie drorlet screw іл Abe Sect -ection, Wie horizontal 2osit$iog of tie 
СОРОЙ ic firrzt ectüblid96a by cross licttiac the $egt section witn 3 plot 
flood lit спа locrihr unpctrestt into me tunnel fro. 4ha end of the diffu- 
бет, cin: this teciniline, бле сего of tle strean is 3100 добот ідей сій 
fine ndjustseuts can bo Tade in the audio oscillator fre uencm to obt! ty 

the hest droñflet atre. Tho bot wire \sse bly is then Positiones manılır 
so tst it ls in a vertical viene with the droplet times, end tlie hot wire 


із raised or lowered, br means of the. icrometer, smtil tie meter readin" 
' 


indicates the wire is in the stroma. tortinliy ti 6 ceter readine bar hoen 
adjusted to zero wits tie Мої wire out of the stre™, Menr oS te wire 
enters the stresm, һө спа се ir current causes the s6te^ rewdi;* to 
increase. I was fim thot with u thiu lerer af drarlets ata toe ax iT 


rarmisgahle curret ii the Not wire, the aatar гелдіз” мӨЗ14 co frc" zero 








to ore tuan ralf cale ir travezgjy; tre Aroplet layer. „190, by traver 


А 
the layer slowly the center of the laver could bo deter ined quite aceurat- 
ely. “his assumes thet the distribution of the droplets in the layer is sue! 
that the droplets sre concentrated in the center of the lever. ч 

It was also found that if the droplet layer had acy acprecinble 
verticel dimenzion (more than 1 ei) the meter reedincs were ,uite unreli'^»l 
end no "ensurement could be mado of tie ede or certer of the layer. 

"бе Not wire anemoneter circuit as constructed for thic investivation 


^ppesred to dap out the effects of tunnel turbulence vite satisfectorily, 





Bo that the turbulence resented no difficulties., 

Usi*- the hot wire olore to s body in the flow re.uired ^ sovevtrt 
differen techzine than that ontlined αἈστθι «5 miit be expected, tre 
strealiliznes close to a hodr оте “uite disse toretrte-, indicutipt. ij: velo- 
city syudients. as 576 "ot vire crolses the etreanlines, the rete of cool- 
joga of #42 wire che: rapidis, vh ich unbalanoes the bridze circuit in the 
supe manger a= the droplet stream, roesultin: ir e steady chanre ineneter 

| rendinr. го detect the Aronlet ctres^ "der there sorditions, Te wire мае 

> bc noved slowly so thet the discontimnit in neter ovement due to tie effe t 

of the droplet stroup jar be seen. Thir is ost readily done hv moving 5 е 

wire away fron tke body so that the velocity is deoreasis^, civin a decrease 

in meter reading. “hen then the hot wire enters the stream, the meter rand- 

| inc will stabilize or ay even increase slightly. 'urino the zbove nrossas, 

1 as the meter reading reaches the end of tre sco-1o, ії 15 necesttr- to zio. 
the lot wire 'sovere^t, rebalance the brió^e circuit to save the vater needle 
to the other end of the “oale, Sred thon co-tíinuo with the hot wire triversás 
It was found that when juite close to u hoody, this process id to ba mencer = 


ted very often, makin: the wicle "rocedure yrite tedious. 
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PED TRAWL 


The wind tunnel used in this investication was constructed for use 


in the spray work of Flederman and Hansen? 


, and ia completely described 
therein. 

air is drawn tbrouti the system by a 36 inch Propellair Fan, which 
«τεμ СООО сбл et 1900 Ht, with 1 inch of water pressure drop across the 
fan. The fan is powered by а Reeves Variable „need Control wi.ose sneed may 
be continuously varied fran 580 to 2900 RI?, with a maximm of CHP avail- 
able st 2900. The coupling between the fen and the Reeves mit is effocted 
by a twin Vee belt pulley system, with a 3:5 pulley ratio to decrease the 
T" at the fan te its design maxinm speed of 1500 RFE. 

^ir enters the tunnel fron a pnlenun chamber throu;h a bell south, isto 
a 5 feot S uare, l foot lonc eettlin chamber containing five 20 mesh всгеела, 
These screens serve to reduce the initial turbulence. 1 convergent section Mn 
convocts the 3 foot syiare settling charber with a 1 foot square test sectio 
siving an aree reduction of 9 to 1. 

The test section is 3 feat lone and 1 foot s.uare in cross section, 
and is constructed of ¿ inch this” Flexi lass. A rectangular access door 
is provided in the side of the test section, and the bottom of the test 
seotion is slotted to МАРТ insertion of the hot wire probe. Fizure 8 
is a photograph of the test section. 

AY foot lone diveryire diffuser made of sheet metal with a wooden 
liner connects the test section with the fan housing. The diffueer is a 
transition section whia: varies frou a l foot square at the test section 
to a 36 inch dianetor circle at the fan housing. - 

The droplet cenerator із mowted on the framework of the upstresn 
end of the test sectio", Figure 9. The class tube enters the top of the 
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Foot upstream of the test section, at a point where tho cross 


sectional aren is just over 1 square foot. 


he model, a risht circular cylinder in this case, is mounted nt the 


downstream ond of the test section. The cylinder was mounted eccentrical} 
so that it could be rotated about a longitudinal axis, thus chaning its 


vertical position. 








ποσττατ VII 
| | 


BEER ESSTAL RESULT 


70 етаїшнів the effectiveness of the hot wire anemarieser өспіплелі 
developed in this investi,tion, t^e e uipment was. used to detemaine the 
trajectory of < miter droplet in the flow about s rit circular cylinder. 
Ze exwnerimert:1l results a then to be comnared with the analytically 
deteruined tr. jectories of Len^"mir-21o8-ett?, 

Co e^ui rient ws3 used i" the s co 'nnev t^ dereribead in »reviou^ 
sections. "Пе vertiesl displaeenent of the droplet strerm fro. the refer 
axis wee dotermined at shree "пд ot seven dilineters unstrean of the eyli 

о 
“u predicted by tne Lanrrrir=®lo’ sett date there wes no discerm ble chama 
in the initi'l dirvlacement between these two station. 

"зе second ite" to he determined was the γη 19 9 from the center of the 
cylinder ut whieh iie dronlet streci invince^ o3 t^e erlinder. Tie nerstr 


ment was “ade viotully byobservine the timin-e ent point and tien "юата 





the 22 le from the conter of the cylinder wit" - Drotr ctor. ince the drop: 
let fenerstor id not »roduco ^ sinzle зітелі о” droplets the resultin- 
stresa covered a sunll areu on the ο... эабнет taan СИЛЬНО з 

| point., kia introduces a possibility of error ía eunroximetin: the center 
of this iumin renent nares. 

Table I tives the exmertiental results obtained, and the corresronäine 

trajectory ata fror [ου πλ οᾶ σον, "iste 10 19 < lot of tre дата 
of Table I. Tre experimental лафа obtained ws for a velue of F Of cs 
whereas the closest Lon = uir=3lod ets” d-t3 is for a value of K of 10. 
7 of 10 corretnonds to - smaller dronlet diameter, wich would nove the 


Latowuir-"lod sett curve to the ridt, zivite 9 -mectom anrecd in у Ілес, 


It is seen thot for the tro enses considered, the initial dienlacernents 
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UNCEPRBGNTAL REESE 
Cerutation of Constante; 


Sa = ir Density - 2.378 x 1079 eluss/ft.) 


Sy = Droplet Density = 1.935 sluza/1t,ó 


2voplet Radius -25,4 71,15 z 1074 Tix 
Cylinder Ridius = 9.72 х 1072 rt. 
Tree streum Velocity =92 fos. 


Ma, = rir Viscosity = 3.719 x т sluss/ft.sec. 


Bs Aa 4 


Ее Q = Ro < W = 1130 


RA ee mu come oon S40 omu wos mus cen ewo < -o amo an na ao s“. s <...‏ ج نے مہ جا نیت ا a‏ ا کک س س 





Дхтегісепбаі Data Lanimuir-Rlodrett Dati 

ΣΞ16 ф-1150 & -10 $ = 1100 
1214151 ‚ «am le о? Initial mele of 

Displacenent Imin tenent к Displecement  Порійзегюці 

y- in. & - dez, y - ir. € - den 
«354 20 .10 745 
2720 46 » 30 97.0 
#797 64 200 807.7 
2950 70 «70 99.6 
4925 76 Tensent 4728 76.1 Tadront 
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аге іп nite ^ост roman, Yu HOE лося => Ле ог Се "холедт 


tr Jectom —-ress —:ite well im te tuo comer, 

T is felt tint the raacona for tic Aiancree ent іп іштім Ми 
lwesmerts are t'o fold. irst, i- tre ComM tice of the Іохогайу-Зіодсебр 
trajectories tha drar coefficients lro were ti оте Geter ined sx? eripert t 1 
for larre stheres. “ese dra ooeffinianta an he described as "niendy what 


ärım eoefficeieuth, becuuse bie seres were not ndar алт GET -cerelerAlic 


Commujetions by Dr. 2.Г. Зуовдяб12 of the Toide esere Nas indicate tas 


s A = 
the drowlet would axerieice »enolevatioss af е очдог ое 105 эз 10° 3 


even on tho linitii- trajoctor' vb ere t*o ounce of tro trajectory $8 


Well. ше 72421445” ог И" Bev atoll ame coef^3eiest der c* цасеїо» 
tioni ie Чнетбіот hle, T; aaa], ae wi i even Testiod wether the Aro let 
vould regir inkt et mdor + nce ceolarátions ov ghethes iz бәш oremi inta 


ФЕМ е увгіісіче, 


The secoud 3ou'ce o^ e--on i i af πο Үз = пооФ Т ісісһі ОҒ drole 





i- tPfectod 5v ewo- tio. e^ "8 dee] EL. TAS GF Ct of от Оле тел 1р to 
Tubrie ta tar of ne or +; а den е, ποπ oe . Tan о у с Aro let ama 


Living lesen cuvvature *o $e Jro-le& "A5, Luar the cir 30 Shir id tunel 
ms not satu ted it iF maison blo *o ма "ume £x ne Aro les тл горо 
кей that the to» lectorine Motes ined πω 3 144, کک‎ dana dona е 

dra: cosfílelenta o” eva ог tine Mel dro A A Loud tt: won 

hi ly volatile dromlet auch as Pexens the Ағас оообҒісіөз4 403 eulticed hw 

й Тесіот О? эй mej ña 10. 


To varity the effees of error tion on +] 4 dro-lgt rijartorr Іс іа 
been suriestod that a sult se . 3e to te Wafer tò reduce ite rovor тгеземте. 


The reduetion in vapor pressure ic > Minetion of Hie solee.lir weiss of 


the salt, and lit’ ium chloride i. sucrzemted as beim ора of the liter 
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| did oot pomnit au Шштөлбісезісл of Ότο trsjectories of oa 
aqueous Solution of líthiwl endoride, "ltkou 3 WE saturated MLC ior 
of lithiun chloride and water wee vreared and found to ve too viscous | o 
flow throv ^ the eupillary tin, |, sorertat lece saturated solvtior хіт 
be made to flow throah tre envillary, but 90172160147 Licht 5e experier: 
jn obtainin™ the desired droplet size. 
‚ne nse of s^other fluid for tke dvorlets hoe ^lso been seated nad 


work is roing shead along thia line. Meine me of the Dowthern fluids &^ 


currently bein investi-nted. "e inrortep»t oronerties of the fluid sele 


ed are ð low vapor pressure ird e viecosit; eguparcb!e with th t of wter. 


These two nronerties do not ordinaril? со tocether, 








зе 


Jic 


The annroach to the Troblehn of excerimentelly determizing te tr]- 
ectom of & water droplet used in t^is iavesti ction hos defiuito Arauhrche 
which have been broutht out in prerions sentionn, Mile the arthods and dis 
Essociated equipment will ive zccertältlle trajectory dyt , there re otter 
methods worthv of mention. 

“Le first ~ethod to be coisidere? is beset on a ghotorrufmic detox- 
mince tion of the tr jectorr i» 2 two digol) i onl flom tt wer felt that = 
fluorescent dye could hr „Adell to She wter, «~d then pr Lictktin’: the 
test section with sn ultr-violet lr, the @rovlets по}! cive off cope 
licht. Tt is true that a GCqdroslet wiht tive off co ЕЛУ c» 3uommt of 
Light thet it cold not be tr.cen visuell, pata tie exposure with r; 
sensitive fil" shouli show the ¿ronlet vato, zur Inistendiheam ir +he ἆποι, 
stream would tend to оът thy are trajector:, and tite "ethes would 
not be Suplicable to “rec біжеліоц") Гірімт. 

πιο, metlol із thet of usih” solid mirticles td biwlete tite 


droplet; und traciós DE i? tra j¿eotorios, Ишре spheztes ола жәзірейтіс 





coafbroi dl іс ver; predl bizos mi 1 белой "тета Lo fair rak 
sencrator gevuloped егет {йр do use im 1% госиее Пир πα the 
stroñs. The irobpble vitintere о? зді өдісі іс nt | true mU of 
Tamfiviouwcl i3onictas omaunt И? отш п [їс amos. Mitin» law dere 
OF We PivteS Shhores Abita ve Hot Wire vou Produce gine Liste 
UU if iM current to giz па 170 Совт ре ie Өтсзіск» істі, η” аты 
WEE 97 loci tiz; tke rll. GAULT Itiel Um Levi, 


ыце ЯД тос бс ђе МЕ ої Evolve здо ще до бат 2 ia РОБ 


еді and wein] or elada ewherca we tic вто’. Лю tidal uc wed ng 
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Lol a differ 


û bo used 24 the flow woalc 











aa Ten, 


“То тосе ое the invoctiocetion renortei herein indientn that the 


ath? anf sascci: ted omuiment nsed are oatisfrator” for tra detornin:- 
а 


tion of the trnjertowr of a water Arorlet Ih eithe= ú two or three Ninen- 
5%0041 flor, .ince tha dronlat estrem боб п Infinite tulclnes:, tie 415% 
evant measımamente cannot be taken as "recision measurement. 

πιο extension of tke wthod to a three divensional “lor would invol 
esta. 2 similar hot wire nroho, mounted horizontoll”, to deter iie the 
horirontn] disolneement of the stream from nome reference datim. Tre stre 
would have to be as fine ss nossibla in bot’. dimensions in this cane., 

™e writer hes tro «specific cuccectionr for further investimtion, 
aimed at immrovinae the teemnicues river in tiis renort, “ie first is in 
imvectication of the dymenies of drovlet fornrtion fram е үізтебіз> 
eerillar: in an airite, In the arinnin= Aisce tyne of dronlot renerctor 


. 
the water leeves the dire as 7 filwrent ind thot breike into droclets, md 


3 


“inmost азота " ~hotomranh of the water leavin” +e vibratie conil liig a 
^ filament and thon brenint into dronlats. Tt iz believed that {π amn aim 
strarm with ай 5poveci^ble volocite, trie filoment 411 20% form ¿aa te 


water will leave the cazrillär; $40 св 2 drorlot, and tict further investis- 


ntion aitht indieste у изу to 055 in - ninyi 


ә 


Stream, of гере. 

“he second sucrestion ir to iovastizete further the arlifier ала 
 ^eat^tone bride sireuite used herein with the ide of isprovine the 
sennitivitr of the hot wire to the dronlet strec: ата десте sin the 
sensitivity to turbulence effects. Comutations by ae. “leary” Licks of "tie 
Combustion Laboratory, Insineerin “ese.rch Institute, indicate that for 
7 heatskone bridze cirevit of the tyne used herein there j= ап оріс 
relatioushi> of the various resistances in tke eirceuiv which will prođucs 


^l 








і m wsbelenee in ta D due for A riven cleave iy resistance 
of one le of the brióce. These covsui"tioss indiesto that for звхіли 
tivi, the resiotanee О? зн" le- of 5he trià:o shovld he а МЕЗ, 
an] "dt “ле MEN i“ ig etrenit resistance >houli bo tice tlie renictenco 
of one la”, "ino did not uerit an exerinental vevifie tion of these 
camutationg. 


Tre uso of tre hot wire onemomter e minment in camressible flows 


should sresant no additional diffienitios othar thin tire porsible діт» 
т 


bruce of *^e flow due to the “revence of the Lot wire Drohn. The -resent 
wiid tmel used in this investi "tion would likalvr 5а fr too turbilent 


for velocities "πιο renter then 100 Pre, 
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